It takes longer to detect a target if it is the initial letter of a nonredundant letter string such as BNHTW than if it is the initial letter of a redundant letter string such as BBBBB (Johnson, 1986b; Johnson & Blum, 1988) . The results of the present study reveal that the redundancy effect also occurs for mixed-case letters strings (e.g., BbbBb) and digit strings (e.g., 22222). In addition, these results suggest that the cause of the redundancy effect is not related to the visual properties of the noninitialletters per se but is instead related to the presence of the target in noninitial positions. Together, these results rule out a number of hypotheses about the cause of the redundancy effect and suggest that the locus of this effect is in processes involved in response selection and/or the read-out of information from the perceptual system.
It takes longer to detect a target if it is the initial letter of a nonredundant letter string such as BNHTW than if it is the initial letter of a redundant letter string such as BBBBB (Johnson, 1986b; Johnson & Blum, 1988) . The results of the present study reveal that the redundancy effect also occurs for mixed-case letters strings (e.g., BbbBb) and digit strings (e.g., 22222). In addition, these results suggest that the cause of the redundancy effect is not related to the visual properties of the noninitialletters per se but is instead related to the presence of the target in noninitial positions. Together, these results rule out a number of hypotheses about the cause of the redundancy effect and suggest that the locus of this effect is in processes involved in response selection and/or the read-out of information from the perceptual system.
It is well established that the identification of a letter is influenced by the context in which that letter appears. In many cases, contextual information facilitates letter identification. For example, a letter is more likely to be identified if it is tachistoscopically presented as a component of a word or pronounceable nonword than if it is presented alone or in a random letter string (Reicher, 1969; Wheeler, 1970 ; for reviews, see McClelland & Rumelhart, 1981 , or Henderson, 1982 . In other situations, however, contextual information can impair the processing of a letter. For example, tachistoscopically presented target letters are more likely to be detected when they are presented alone than when they are presented in the context of one other letter, particularly when the context letter is identical to the target letter (Bjork & Murray, 1977; Egeth & Santee, 1981) .
In the paradigm used in the present study, contextual effects on letter processing are examined by asking subjects to determine as rapidly as possible whether a target letter is present in a visual display. The visual displays consist of either a single letter or a five-letter consonant string, and the subject's task is to determine if the leftmost letter of the display (referred to as the critical letter) matches a prespecified target. In previous studies employing this paradigm, Johnson and his colleagues This research was supported by grants to the first author from the Defense-University Research Instrumentation Program (DURIP Grant AFOSR-89..()()9() and from the Elsie Stimson Memorial Fund. We wish to thank Jon Kolodny for his assistance in conducting the second experiment' and Lester Krueger and threeanonymous reviewers for valuable comments on an earlier version of this article. Correspondence should be sent to Jay G. Ruecld, Department of Psychology, Harvard University, Cambridge, MA 02138. (Johnson, 1986a (Johnson, , 1986b Johnson & Blum, 1988; Johnson, Turner-Lyga, & Pettegrew, 1986) have demonstrated that responses are generally made more quickly when the critical letter is presented alone than when it is presented in the context of other letters. In addition, response latencies are also influenced by the nature of the relationships among the letters in a multiletter display. Specifically, responses are made more quickly when the multiletter string is redundant (i.e., when it contains several instances ofthe same letter, as in the letter string BBBBB)thanwhen it is nonredundant (i.e., when none of the component letters appears more than once, as in the letter string BNHTW).
Although the single-letter advantage is fairly robust, there are some circumstances in which responses are made as quickly to redundant displays as to single-letter displays (Krueger & Shapiro, 1980) . Whether or not a singleletter advantage is obtained depends on the manner in which visual attention is allocated to the display. Specifically, the single-letter advantage occurs only when the subjects cannot prefocus their attention to a limited area that includes the critical letter but none of the context letters (Johnson & Blum, 1988) .
In comparison to the single-letter advantage, the redundancy effect is extremely robust-it is virtually always the case that a target letter is detected more quickly in a redundant display than in a nonredundant display. However, the mechanism underlying this effect is not well understood. It is possible that the effect arises through response competition; that is, if the letters in the display are identified in parallel, then the noninitial nonredundant letters would signal a response that is incompatible with the response signaled by the critical letter. However, Johnson and Blum (1988) provide several arguments against this hypothesis. One argument is that this account only explains the redundancy effect for target-present trials, because, on target-absent trials, both the critical letter and the context letters signal the same "no" response. Yet, a redundancy effect is often found on both target-present and target-absent trials (Johnson, 1986b; Johnson & Blum, 1988) .
This argument can be countered by assuming that the competition is at the letter-name level rather than at the response level. Under this assumption, nonredundant context letters would provide information that conflicts with the information provided by the critical letter regardless of whether the target is present or absent. However, Johnson and Blum (1988) provide a second argument that applies regardless of whether the competition is at the response or letter-name levels. They note that if the availability of information about either the names or the responses signaled by noninitialletters were responsible for the redundancy effect, one would expect that response latencies on target-absent nonredundant trials would be slowed when the target letter was present in a noninitial position. However, Johnson (1986a) found that the presence of targets in noninitial positions had no effect on how quickly subjects responded on target-absent nonredundant trials. Johnson and Blum (1988) proposed an alternative account of the redundancy effect. They noted that, if letters are encoded in parallel, the subjects must check to be sure that they are basing their responses on the initial letter, and this check of positional information may slow the response. However, if the subjects knew that a display was redundant, they would not need to perform the positional information check, because the same response would be appropriate regardless of whether it was based on an initial or noninitial letter. Johnson and Blum hypothesized that the physical regularity of a redundant display (i.e., the fact that the component letters of the display are physically identical) may allow a subject to determine that the display is redundant even before the component letters are identified. If this were the case, the subject could opt to not carry out the positional information check, thus resulting in faster responses to redundant than to nonredundant displays.
EXPERIMENT 1
If Johnson and Blum's hypothesis is correct, it should be possible to eliminate the redundancy effect by forcing subjects to carry out the positional information check on redundant displays. By hypothesis, the position check is carried out unless the subject has advance knowledge that a display is redundant-the fast detection of the physical regularity of a redundant display provides this knowledge. Thus, according to this hypothesis, responses to redundant but irregular displays would be expected to be no faster than responses to nonredundant displays.
A redundant display can be rendered irregular by varying the physical characteristics of the component letters REDUNDANCY EFFECTS 413 in the display. In Experiment I, multiletter displays contained a mixture of uppercase and lowercase letters, so that neither redundant (e.g., BbbBb) nor nonredundant (e.g., BnhTw) displays were highly regular. Assuming that this manipulation prevents subjects from quickly determining that a display is redundant, the positional check would be carried out for both redundant and nonredundant stimuli. Thus, on the basis of the position-checking hypothesis, one would predict that the redundancy effect would not occur for mixed-case stimuli. Note, however, that underlying this prediction is the assumption that information about the redundancy of the stimulus was not available from some other source. Subjects could still adopt the strategy of not carrying out the position check for redundant displays if, for example, they were told in advance that a redundant display would be presented on the next trial.
To explore this possibility, half of the subjects in Experiment 1 were given advance information about the characteristics of the upcoming stimulus display. This was accomplished by presenting single-letter, redundant, and nonredundant displays in separate blocks and informing the subjects that stimuli were blocked in this way. On the basis of the position-ehecking hypothesis, one would predict an advantage for redundant stimuli in the blockedpresentation condition because the subjects could adopt the strategy of omitting the position check. However, when mixed-ease stimuli are presented in a random order, no such redundancy effect would be expected.
Method
Subjects. Thirty-six Harvard University students served as paid subjects.
Design. On each trial, a target was presented and then followed by one of three types of displays. For the single-letter displays, 1 of 20 consonants (Y was not used) was presented in isolation.
For the redundant displays, a string of 5 instances of the same consonant was presented. For the nonredundant displays, a string of five consonants was presented, but no consonant appeared more than once in a given display. For both the redundant andnonredundant displays, uppercase letters were used in the first and fourth positions, and lowercase letters were used in the other positions. The letters presented as targets and in the single-letter displays were also in uppercase.
The target letter matched the critical letter for half the displays (i.e., the yes items) and did not match the critical letter for the other displays (i.e., the no items). Each consonant served as the critical letter for two yes items and two no items of each display type. For the nonredundant displays, the target letter never appeared as one of the noninitialletters. There were 80 displays of each display type, and each display was presented twice, so that there were 480 trials in total.
In the blocked condition, thethree typesofdisplays were presented in separate blocks. Each type was presented in two adjacent sets of 80 trials each, and the order of presentation was counterbalanced across subjects. In the unblocked condition, the displays were presented in eight sets of 60 trials, and each set included 20 trials of each display type. In both the blocked and unblocked conditions, half the displays within each set were yes items, and the order of presentation within sets was randomized. Half the subjects were assigned to the blocked condition; the remaining subjects were assigned to the unblocked condition. There were six practice trials presented at the beginning of the experiment, including one of each combination of display and response type. The practice stimuli were constructed from the six letters not used during the main experiment (i.e., a, e, i, 0, u, y).
Procedure. At the beginning of the experiment. the subjects were informed that the experiment would consist of a number of sets of trials. The subjects in the unblocked condition were told that each set would include all three display types. The subjects in the blocked condition were told that only one type of display would be presented within a set.
Each trial began with a "Press space bar to begin" display. When the subject pressed the space bar, a target letter was presented for I sec and was then followed by a row of five dots that served as the predisplay fixation field. The fixation field was displayed for 500 msec and disappeared 350 msec before the presentation of the display. For the single-letter displays, the critical letter appeared in the location that had been occupied by the leftmost of the five dots. For the redundant and nonredundant displays, each letter replaced one of the five dots. The subjects were informed of this relationship and were asked to fixate on the leftmost dot.
When the display appeared, the subject's task was to compare the critical letter to the target letter and either to push the "yes" button as quickly as possible if the critical letter matched the target or to push the "no" button otherwise. The display remained visible until the subject responded, and a computer "beep" provided feedback whenever an erroneous response was made. Half the subjects pushed the "yes" button with their dominant hand; the other half pushed the "yes" button with their nondominant hand. (The "m' and "v" keys of a Macintosh keyboard were used as response buttons.)
The experiment was run on a Macintosh Plus computer, with the monitor set to maximum brightness. The displays consisted of black characters on a white background. Each letter was about 3 mm wide, and the letters were separated by spaces of 1.5 mm. Thus, at a distance of 67 em, each letter string subtended about 2 0 of visual angle.
In the analysis of the RT data, trials on which an error was made, or on which the RT differed from the individual subject mean by more than two standard deviations, were discarded. This analysis revealed that RT varied as a function of display type [F(2,68) 
Discussion
According to the position-checking hypothesis, prior knowledge of the display type in the blocked condition should have allowed the subjects to forgo the position check and thus should have resulted in a response-time advantage for the redundant displays over the nonredundant displays. In contrast, in the unblocked condition, the use of mixed-ease stimuli should have prevented subjects from omitting the position check and thus should have resulted in the lack of a redundancy effect. In fact, just the opposite pattern of results obtained. A redundancy effect was found in the unblocked condition but not in the blocked condition. Thus, the results of Experiment I appear difficult to reconcile with the position-checking hypothesis.
One aspect of the results warrants further discussion. In the blocked condition, responses to redundant stimuli were not faster than responses to nonredundant stimuli digits except 1 and 0 were used, and each digit appeared equally often in each position of both the regular-and irregular-context displays. The subjects were 48 Harvard University students who were paid to participate in this experiment.
(indeed, there was a nonsignificant trend in the opposite direction). This finding is surprising in light of previous studies (Johnson, 1986a (Johnson, , 1986b Johnson & Blum, 1988; Johnson et al., 1986) , in which an advantage for redundant stimuli has consistently been reported. One possible explanation of this seemingly anomalous finding is that the blocking of the stimuli may have led the subjects to adopt a suboptimal strategy not employed when redundant and nonredundant stimuli are presented together (as in the previous studies and the unblocked condition of Experiment 1). For example, when the subjects knew that the stimuli were redundant, they may have focused their visual attention over the entire string rather than narrowing their attention to a single letter, slowing the rate at which individual letters are identified. EXPERIMENT 2
In the following experiments, several alternative explanations of the redundancy effect were investigated. One possibility, suggested in part by Johnson and Blum's (1988) results, is that the redundancy effect is due to relatively early visual processes. Johnson and Blum found that the advantage of single-letter over multiletter displays depends on how subjects prefocus their attention. When information was available to allow subjects to pre focus on a sufficiently narrow visual area, response times were not influenced by the presence of context letters in the display. Thus, early selective attention appears to play an important role in the performance of this task.
Perhaps attentional processes are also responsible for the redundancy effect. Suppose that to identify the initial letter of a multiletter display, a subject must focus his or her "attentional window" so that it only encompasses that letter. It is possible that the time needed to focus attention on the first letter is influenced by the visual characteristics of the display. For example, it may be easier to focus attention on a component of a relatively homogeneous, regular display (perhaps because it is easier to parse a regular display into its parts).
Experiment 2 tests this hypothesis. In order to disconfound physical regularity and the number of instances of the target letter in the display, digits were used in the noninitial positions of the multicharacter displays. In the regular-eontext condition, four instances of the same digit occupied the noninitial positions (e.g., B2222). In the irregular-eontext condition, four different digits were used (e.g., B2583). If differences in the regularity of the displays underlie the redundancy effect, then responses should be made more quickly in the regular-context condition.
Method
Except for differences in stimuli, this experiment was identical to the unblocked condition of Experiment 1. Again, three types of displays were presented. The single-letter displays were those used in the previous experiment. Regular-context displays consisted of a letter followed by four instances of the same digit. Irregular-context displays consisted of a letter followed by four different digits. All
Results
The data from Experiment 2 are presented in 
Discussion
Response latencies in Experiment 2 were not influenced by the regularity of the digit context in which the critical letter appeared, suggesting that the redundancy effect observed in previous experiments (Johnson, 1986a (Johnson, , 1986b Johnson & Blum, 1988; Johnson et al., 1986) is not due to the influence of context homogeneity/heterogeneity on the attentional focusing process. It should be noted, however, that this result does not completely eliminate the focusing process as a possible locus of the redundancy effect. It could be that the focusing process is influenced by other factors, such as the similarity between the critical letter and its nearest neighbor. (We return to this issue in the General Discussion.)
A comparison of the regularity manipulation of the present experiment with the contextual manipulations that influenced RT in Experiment 1 and elsewhere suggests several other factors that could play a role in the redundancy effect. First, perhaps context effects in this task only occur when both the critical item and the context items are letters (or, more generally, when the critical dence against the hypothesis that the redundancy effect is related to response-level interference by pattern-level information. Design and Procedure. Eight digits were used to construct the targets and displays (0 and I were excluded). Redundant displays consisted of five instances of the same digit (e.g., 22222). Nonredundant displays consisted of five different digits arranged in a random order (e.g., 28463). For the nonredundant displays, each digit appeared equally often in each position, and no digit appeared more thanonce in a display. Moreover, on both yes and no trials, a target digit never appeared in a noninitial position. Each digit served as the critical digit on two yes items and two no items of each display type. Thus, there were 32 different displays of each type (single-digit, redundant, and nonredundant) and 96 displays in total. Each subject completed four blocks of trials, and all 96 displays were presented in each block. Within each block, the displays were presented in a random order and were not blocked by type.
Before performing the experimental trials, the subjects completed 12 practice trials. The practice stimuli included equal numbers of yes and no trials and equal numbers of each display type. The targets and displays for these trials were constructed using only the digits 0 and I. (Thus, unlike in the experimental trials, nonredundant practice trials included multiple instances of both digits.) In all other respects, the design and procedure were identical to those used in the previous experiments. Response and context items belong to the same category; i.e., letters or digits). Second, perhaps for these context effects to occur, more than one instance of the critical item must appear in the display. The following experiments investigate these possibilities.
EXPERIMENT 3
In the next experiment, digits were used as both critical and context items. One motivation for this change was the desire to determine whether the redundancy effect occurs for stimuli other than letter strings. In addition, the use of digits provides a test of the hypothesis that the redundancy effect is related to interference from wordlevel representations in the attempt to access letter-level information.
It has often been proposed that the encoding of a visual stimulus occurs at a number of levels of representation. For example, hierarchical models of word perception assume that the identification of a word involves the activation of representations at the feature, letter, and word levels (Johnston & McClelland, 1980; McClelland & Rumelhart, 1981) . Under some conditions, the activation of higher-level representations can facilitate processing at lower levels. Thus, McClelland and Rumelhart (1981) proposed that cooperative feedback from word units to letter-level units underlies the facilitatory effect of orthographic regularity on letter identification in tachistoscopic tasks (Johnston & McClelland, 1980; Reicher, 1969) . However, under other conditions, competition between levels may have deleterious effects. For example, if the order in which attention is deployed to the various levels is biased in favor of the word level, then the ability to make speeded responses on the basis of letter-level information would be impaired by the activation of word representations (for discussions of similar proposals, see Healy, 1976; Henderson, 1982; Johnson & Blum, 1988; Johnson et al., 1986) .
Ifcompetition between word-and letter-level information influences performance on speeded detection tasks, then the magnitude of this effect would be related to the degree to which stimuli resemble familiar words. Although neither redundant nor nonredundant displays are particularly wordlike, it is generally easier to find fiveletter words that overlap in three or four positions with nonredundant stimuli than with redundant stimuli. If even small amounts of word-level activation interfere with access to letter-level information, this difference could result in slower latencies for nonredundant displays.
It seems reasonable to assume that few five-digit strings are highly familiar to many subjects (certain ZIP codes being possible exceptions). Ifanything, subjects are more likely to have previously encountered some of the 8 redundant five-digit strings than any of the 32 nonredundant five-digit strings. Thus, the occurrence of a redundancy effect in the present experiment could be taken as evithis effect did not interact with that of display type [F(2,46) 
These results demonstrate that the redundancy effect occurs for stimuli other than letter strings. Assuming that the nonredundant displays were not more familiar to the subjects than were the redundant displays, these results also provide evidence against accounts of the redundancy effect based on response-level competition between letter and pattern-unit representations.
EXPERIMENT 4
In the previous experiments, redundancy effects were found both for mixed-case letter displays (Experiment 1) and for digit displays (Experiment 3). In both cases, redundant and nonredundant displays differed in whether the context items included instances of the critical item. In contrast, when the critical item was not also present elsewhere in the display, the relationships among the context characters had no effect (i.e., in Experiment 2, wherein the critical items were letters and the context items were digits). This pattern of results suggests that information about the identities of the context items is directly influencing either perceptual or decision processes.
In the introduction it was pointed out that Johnson and Blum (1988) had provided arguments against this kind of hypothesis. Johnson and Blum argued that if information about the identities of the context letters directly influences processing, responses should be slowed by the presence of the target letter in noninitial positions of no displays. However, Johnson (l986a) failed to observe such an effect. In that study, responses to four-letter nonredundant no displays containing the target in a noninitial position were only 6 msec slower than responses to nonredundant no displays in which the target was not present in any position. This suggests that information about the identities of the context letters is not responsible for the slower processing of nonredundant displays.
However, a hint that such information is influencing processing can be found in Johnson's (l986a) data. Responses, when considered as a function of the position of the noninitial target distractor, were slowest when the distractor was adjacent to the critical item (710 msec) and faster when the distractor appeared in the other positions (694 and 686 msec in the third and fourth positions, respectively). Although this effect was not statistically reliable, it at least suggests that information about noninitial distractors was influencing RT and that the size of this effect depended on the distance between the critical letter and the target.
Thus, in the fourth experiment, target distractors were embedded in the context letters of nonredundant displays. Four types of displays were presented. The redundant and no-distractor nonredundant displays were similar to those used in the previous experiments (except that only upper-
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case letters were used). The near-distractor displays were similar to the nonredundant displays, except that the letter in the second position was always the target letter. Thus, on near-distractor yes trials, the first two letters of the display were identical and were different from the letters in the other three positions (e.g., BBVND). On neardistractor no trials, the second letter was identical with the target, but the first and second letters were not the same (e.g., CBVND, with B as the target). The logic was the same for the far-distractor displays, except that the distractor now appeared in the fifth position (e.g., BRVNB and CRVNB for the yes and no displays, with B as the target in both cases).
If information about the identities of the noninitialletters is responsible for the redundancy effect, then response latencies should be influenced by the presence of the target letter in noninitial positions. In particular, on no trials, responses should be slowed by the presence of a distractor, because on these trials the distractor would signal an incorrect yes response. On yes trials, the presence of a target in a noninitial position could be expected to result in faster responses for any of a number of reasons. The distractor could directly facilitate the processing of the initial letter, or it could provide additional evidence to the response selection process favoring a yes response. Alternatively, the presence of the distractor could reduce the amount of perceptual or response interference produced by context letters that differ in identity from the initial letter. Additionally, if the degree to which contextletter-identity information influences processing varies with letter position, then the magnitude of these effects should be greater in the near-distractor condition.
Method
Subjects. Thirty-two Harvard University students served as paid subjects.
Designand Materials. Twenty consonants were used to construct the stimuli (Y was not used). In the redundant condition, the display consisted of five instances of the same consonant. In the nodistractor condition, the displays consisted of five different consonants, and if the target was present, it only appeared in the initial position. In the near-distractor condition, the second letter was always identical to the target, and, on yes trials, to the initial letter as well. The remaining context letters differed from each other and from the letters in the first two positions. The far-distraetor displays were constructed in the same way, except that in this case it was the letter in the fifth position that was always identical to the target. (Note that single-letter displays were not included in this experiment.) For each display condition, each letter appeared equally often in each letter position. Uppercase letters were used both as targets and in the displays.
Each subject performed eight blocks of 60 trials. Each block included 20 redundant displays, 20 no-distractor displays, 10 neardistractor displays, and 10 far-distractor displays. In each block, half of each display type were yes trials and half were no trials. Before completing the 480 experimental trials, each subject performed 12 practice trials. The practice stimuli were constructed from the letters A, E, I, 0, U, and Y. These stimuli included 4 redundant displays, 4 no-distractor displays, 2 near-distractor displays, and 2 far-distractor displays. Half of the practice trials in each display condition were yes trials. In all other r.espects, th~design and procedure were identical to those used In the previous experiments.
Results and Discussion
The data from Experiment 4 are presented in Table 4 .
Neither response type nor display type had a significant main effect on the error rate (F < 1, in both cases). The interaction of these variables was significant [F(3, 93) = 4.716, P < .01] but difficult to interpret. There were more errors on yes trials than on no trials in the redundant and near-distractor conditions, whereas the reverse was true in the no-distractor and far-distractor conditions. However, none of these differences were significant in post hoc analyses that used the Tukey procedure (Keppel, 1982) . Mean RT was lower on yes trials than on no trials 
GENERAL DISCUSSION
The present results support a number of conclusions about the nature of the redundancy effect and the processes that underlie it. First, the process of deciding whether the critical letter matches the target letter is influenced by information about the identities of the noninitialletters. Yes responses are made more quickly when the target letter is present among the context letters; no responses are slowed under the same conditions. Moreover, the effect of noninitial target letters was greater when they were adjacent to the critical letter than when they occupied~m?re distant position, although this distance effect was significant only on yes trials. I Second, it is unlikely that the redundancy effect occurs because subjects must check that the response is based on the initial letter of nonredundant displays but can opt not to carry out this check with redundant displays (Johnson & Blum, 1988) . No redundancy effect was found in the blocked condition of Experiment 1, in which subjects were given advance information that could have allowed them to adopt this strategy. However, a redundancy effect was found in the unblocked condition, wherein redundant displays lacked the physical regularity that, as Johntween the redundant and near-distractor conditions [F(l,31) 
Mean RT was also influenced by the presence of a distractor on the no trials, but, in this case, the effect was detrimental. Mean RT in both the near-and far-distractor conditions was greater than in either the redundant [near, F(l,31) Thus, the present results support the conclusion that.the presence of the target in noncritical letter positions IS a critical factor underlying the redundancy effect. Before considering the implications of this finding, however, one point about the methodology of Experiment 4 should be noted. Yes and no distractor trials differed, in that only yes displays included two tokens of the same letter (i.e., the target appeared as both the initial letter and a distractor on yes trials but only as a distractor on no trials). Thus, the subjects could have adopted the strategy of responding yes whenever they noticed a matching pair of letters in the display. If matched pairs were occasionally detected faster than the subjects could determine that the initial letter was the target, and if the match detection process is faster when the letters are adjacent, then one would obtain the observed pattern of results on yes trials. Note, however, that this account does not explain why distractors slowed responses on nonredundant no trials, as all nonredundant no displays contained five different letters regardless of whether one of them was a distractor. Response son and Blum suggested, provides subjects with the information that a positional check is unnecessary. The position-checking hypothesis also fails to account for the results of Experiment 4-it does not explain why response latencies to nonredundant displays are influenced by the presence of one target letter among the context items. A third conclusion is that the redundancy effect is not dependent on the homogeneity of either the entire display or the context characters. The redundancy effect occurs regardless of whether the displays consist of uppercase or mixed-case letters. Conversely, the redundancy effect does not occur when the target and critical items are letters and the context items are digits, regardless of the physical regularity of the context items.
Finally, it is unlikely that the redundancy effect occurs because there is more competition between pattern-level and letter-level information in the processing of nonredundant displays. It is at least plausible that nonredundant letter strings are more likely to resemble familiar words than are redundant letter strings, and thus that performance with nonredundant displays could suffer more from the effects of interlevel interference on either perceptual or response processes. However, it seems less likely that redundant and nonredundant digit strings differ in their familiarity, and yet digit displays also give rise to a redundancy effect, as was demonstrated in Experiment 3. Experiment 4 provides additional evidence against this account. It seems unlikely that nonredundant displays systematically differed in familiarity as a function of whether they contained the target letter in a noninitial position. Even if this was the case, differences in familiarity must have opposite effects on yes and no trials in order to account for the results. (This is not to argue that familiarity has no effect on tasks of this sort; see Johnson, 1986a; Johnson et al., 1986 .)
The present results bear both similarities and differences with those of other studies employing focused attention tasks. For example, C. W. Eriksen and his colleagues (e.g., B. A. Eriksen & C. W. Eriksen, 1974; C. W. Eriksen & Schultz, 1979) employed a "flankers" task, in which two sets of possible target letters were paired with different manual responses, and the subject's task was to indicate which set included the middle letter of a threeor five-letter display. As in the present paradigm, RT in the flankers task is influenced by the relationship between the critical and context letters: Responses are faster when the critical and context letters belong to the same target set than when they belong to different sets (C. W. Eriksen & Schultz, 1979) . Yantis and Johnston (1990) employed both a yes/no detection task like that of the present study and a twoalternative forced-choice procedure like that of C. W. Eriksen and Schultz (1979) . The stimulus displays consisted of letters arranged in a circle, and, in the conditions most relevant to the present discussion, the location of a target letter was cued prior to the presentation of the display. Unlike the large redundancy effects found in the present study and elsewhere (e.g., C. W. Eriksen & REDUNDANCY EFFECTS 419 Schultz, 1979; Johnson, 1986a Johnson, , 1986b Johnson & Blum, 1988) , the redundancy effects found by Yantis and Johnston were small (in fact, often negligible) and could be attributed entirely to the context letters that appeared closest to the cued position. Yantis and Johnston (1990) proposed that, in performing a focused attention task, subjects use an attentional filter that allows feature information from the attended region to drive identification and response processes while preventing information from unattended regions from influencing those processes. They also suggested that, although selection can be highly effective, information from to-be-ignored regions might leak through the filter when attention is ineffectively or incompletely focused, with the amount ofleakage varying inversely with the distance from the attended region. Yantis and Johnston (1990) argued that the conditions of their study were favorable to the allocation of an early selective filter, resulting in the context letters having but a minimal influence on performance. They also suggested that paradigms such as those employed by C. W. Eriksen and Schultz (1979) and Johnson and Blum (1988) incorporate factors that minimize the effectiveness of the attentional filter. In particular, the stimulus configurations tend to include letters that are close together and that are arranged in strings resembling words (which people appear to treat as single units in allocating attention; see LaBerge, 1983 ). In addition, in these paradigms, the critical position remains constant over trials, and it appears that attention to a given visual area tends to habituate over time (Posner, Snyder, & Davidson, 1980) . This line of reasoning suggests that the Yantis and Johnston (1990) account can explain the results of the present study as well. According to this account, the effectiveness of the selective filter was limited by the stimulus configuration and by the fact that the critical letter always appeared in the first position. Because the filter was "leaky," feature information from to-be-ignored letter positions influenced subsequent identification and response processes.
There are several ways in which this might occur. One way is that feature information from noninitial positions could influence the identification of the initial letter. For example, on redundant trials, feature information from noninitial positions might provide evidence that speeds the identification of the letter in the initial position, whereas on nonredundant trials, the same information would slow the identification process by providing conflicting evidence about the identity of the initial letter. Because RT is a direct function of the time needed to identify the initial letter, such a mechanism would produce the observed pattern of results.
Alternatively, if the letters in a display are identified in parallel (to the degree that the selective filter allows), then feature information from noninitial letters need not directly influence the identification of the initial letter in order to influence response latencies. In particular, if the decision process cannot completely ignore the output of the processing channels responsible for identifying the noninitialletters, then decisions will be made faster when each channel provides the same information than when each channel signals that a different letter was present. In addition, to account for the effect ofnoninitial distractors on no trials, it must be assumed that the response process is particularly sensitive to information suggesting that the target is present in the display. Given that subjects receive the target before they see the display, this does not appear to be an unreasonable assumption.
To summarize, the central assumption of this general account is that the redundancy effect occurs because information about to-be-ignored positions leaks through the attentional filter and is combined with information about the initial letter . The alternative versions of the account differ on whether this integration occurs during the identification or response stage.
There are several points to be made about this account. First, Yantis and Johnston (1990) list many of the factors that appear to determine the efficacy of the attentional filter. The present results shed additional light on this issue by suggesting that the efficacy of the filter does not depend on whether the component elements of the display are physically identical. In particular, the redundancy effect occurred with mixed-case stimuli in the unblocked condition of Experiment 1, even though the components of those stimulus displays were not all physically identical. Conversely, in Experiment 2, in which the targets and critical items were letters and the context items were digits, varying the homogeneity of the context items had no effect.
A second point is that even though the burden of the explanation rests primarily on an early selection mechanism, the present results are not incompatible with a "multiple locus" model, in which selection can take place at more thanone processing level (see LaBerge, 1983; Pashler & Badgio, 1985; Yantis & Johnston, 1990) . Indeed, if it is assumed that the late-selection mechanism is leaky , and that the amount of leakage varies with distance from the attended region, then the present results can be explained without invoking the notion of an early filter. However, a purely late-selection account appears incompatible with results from other focused attention studies in which unattended stimuli have little or no effect on performance (see Yantis & Johnston, 1990 , for a complete discussion of this issue). Thus, there is strong evidence supporting the assumption that an early-selection mechanism contributes to the performance of focused attention tasks such as the one employed in the present study.
Finally, it is worth pointing out that even though the notion of an attentional filter takes center stage in this account, the contribution of other processes must also be considered. For example, for the redundancy effect to occur, postselection processes must be influenced by information about the context items. In addition, it seems likely that the preattentional processing of the critical item is also influenced by information about the context items. In particular, a number of studies (e.g., Bjork & Murray, 1977; Egeth & Santee, 1981) have demonstrated that when stimuli are degraded by backward masking, performance decreases with increased target-eontext similarity, at least partly because of feature-specific lateral inhibition. On the basis of these results, it might be expected that repeated items would interfere with performance when stimuli are not masked as well. However, the finding that redundant items often facilitate performance when stimuli are not degraded (C. W. Eriksen & Schultz, 1979; Johnson, 1986a Johnson, , 1986b Johnson & Blum, 1988 ; as well as the present study) suggests that the inhibitory effect of target-eontext redundancy at the feature-encoding stage is more than compensated for by the facilitatory effect of target-eontext redundancy during subsequent processes (see Estes, 1982; Shapiro & Krueger, 1983) .
Overall, then, the picture that emerges from these considerations is that of a system in which the processing of an element in a display is influenced in different ways, at different stages, by other elements in the display. Moreover, at least some of these interactions can be controlled by an attentional mechanism, but the efficiency of this mechanism depends on the characteristics of the visual display.
